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ABSTRACT 
Vibrio cholerae a family member Vibrionaceae is a well-known agent to cause for clinical symptoms of cholera due 
to production of cholera toxin (ctx) gene. The main infection of the disease is usually from water which 
corresponding to the name of the disease, "water-borne" disease. Thus, the aim of this study is to establish the 
relationship between physicochemical parameters with the occurrence of V. cholerae in estuarine areas where water 
samples were collected at estuarine of Sg. Sarawak. Parameters studied were temperature, salinity and pH value of 
the water sample collected. The distribution of the bacterium was quantified by using MPN method while the Omp W 
gene responsible for the identification of the bacterium was used in the Polymerase Chain Reaction (PCR) analysis 
for detection of Vibrio cholerea. Occurrence of V. cholerae was found to have relationship with temperature, salinity 
and pH of water the tested in this study. 
Keywords: Vibrio cholerae, temperature, salinity, pH, Polymerase Chain Reaction (PCR). 
ABSTRAK 
Vibrio cholerae adalah menlpakan ahli kepada famili Vibrionaceae yang dikenali sebagai agen penyebab kepada 
simptom klinikal kolera disebabkan oleh penghasitan gen toksin kolera (ctx). Penyebab utama )angkitan penyakit 
tersebut adalah bermula dari air ama penyakit bawaan air kepada p enyakit tersebut. Ka)ian ini 
bertujuan lintuk mencari perka· n perimeter-peri tel' fisiokimia dengan kehadiran V. cholerae di kawasan estuari 
di mana sampel air akan diperole ri Sg. Sarawak Faktor-faktor yang dikaji adalah nitai sllhu, tahap 
kemasinan, dan pH sampel air yang dikumpul. Taburan bakteia tersebut dihitung dengan menggunakan kaedah 
MPN, manakala gen OmpW digunakan dalam kaedah PCR untuk mengesan kehadiran Vibrio cholerae tersebut. 
Kewujudan V. cholerae dipengaruhi olehfactor-faktor fisiokimia yang diu)i dalam ka)ian ini. 
Kata kunci: Vibrio cholerae, suhu, tahap kemasinan, pH, Polymerase Chain Reaction (PCR) . 
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1. Introduction 
Vibrio cholerae, a family member of Vibrionaceae, is a facultative anaerobic, Gram-negative, 
non-spore forming curved rod with size of 1.4-2.6 11m long, able to respiratory and fermentative 
metabolism (WHO, 2002). The bacterium is an oxidase-positive, capable of reducing nitrate, 
acid with no gas in glucose, acid in sucrose, acid in mannose, arabinose negative, indole positive, 
arginine negative, lysine positive, ornithine positive and motile organism. For the first time in 
1883, Robert Koch had isolated V. cholerae strains during cholera outbreaks in India and Egypt 
and with this; he was able to show that the microbe is the causative agent of cholera disease. 
Vibrio cholera persists mainly in a non-culturable state (Alam et al., 2007) where the bacterium 
will exhibits detectable metabolic function in that state but unable to be cultured using 
conventional laboratory culture methods (Chaiyanan et al., 2007). During late 1970s to early 
1980s, the bacterium outside human intestine was thought to be highly-adapted and unable to 
survive longer than a few hours or days (Wai et at., 1999). 
Cholera which is also known as Asiatic cholera is characterized by rice-water like stools 
and it cause excessive dehydration from body which can lead to fatal without immediate 
treatment (HS, 2011). According to Nwachuckwu (2006), the bacterium can cause acute 
intestinal disease characterized by exuberant loss of water and electrolytes from rectal, in which 
can lead to fatal without treatments. The disease spread widely in Asia, Africa and also Latin 
America during 1990s where many cases are being reported including deaths. This disease has 
become enduring threats to highly developed countries such as Europe, North America, and also 
northern part of Asia centuries ago (Reid I and Klose, 2002). Besides, cholera is also endemic in 





19thoccur every year (Malichocho, 2008). During century, there was senes of pandemic 
occurred which bring about responses from social reactions. At the same time, cholera became 
classic disease of long-distance travellers where travellers who consumed seafood from the 
endemic area acquired the disease. Epidemics outbreaks of cholera have caused deaths of 
millions of people and continue to be major health concern globally (Faraque et al., 2003). 
Additionally, cholera also causes substantial mortality and greatly affect economic. Infectious 
cycle of the bacterium is important as establishment platform for the endemic pathogenic strains 
in various water sources which also operate as inoculum to initiate cholera pandemics (Reidl and 
Klose, 2002). Seawater containing the organism became the route of transmission of the disease 
where people who consumed raw or undercooked shellfish or whose open wounds are exposed to 
seawater will get infected (OTIS, 2009). Sewage contamination is another path of infection when 
come into contact with water used for drinking. 
According to Suzita et at. (2010), water plays important role for the transmission of the 
bacterium. Contamination of water source especially those supplied to residential areas are 
concern with the spread of the organism. This waterborne gastro-enteric infection becomes 
significant threat to health condition in the developing world. As a facultative human pathogen, 
this bacterium can be isolated from both estuarine and aquatic environments. Vibrio cholerae 
attach to surface make available by plants, filamentous green algae, zooplankton, crustaceans 
and insects inside the marine environment (Reidl and Klose, 2002). Cholera has occurred in 
Sarawak for many years and many major epidemics have occurred since the year 1873 (Yadav 
and Chee, 1990). It is found that the epidemics usually occur during dry months of May, June 
and July where it affected population in coastal areas. Early in 2011, there were III cases of 
cholera outbreak reported in Sarawak where more than 100 individuals in Limbang were infected 
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by the outbreak. In the outbreak, two individuals, a pregnant woman and a renal patient were 
found to be in serious conditions and hospitalized in Miri General Hospital (The Star Online, 
20 IJ). This emphasizes the need to study and monitor the presence of Vibrio cholerae in 
Sarawak, particularly from environment such as river water. Hence, in this study, water samples 
from Sg. Sarawak was collected to study the factors affecting distribution of V cholerae to 
determine the presence of Vibrio cholerae and examine relationship between the temperature, 
pH, salinity with the occurrence of the Vibrio cholerae in estuarine of Sg. Sarawak. 
Objectives of the study: 
The study was undertaken with the fol1owing objectives: 
1. 	 To detect the presence of V cholerae by using specific peR assay, targeting the Omp W 
gene. 
2. 	 To examine the relationship between temperature, pH and salinity with the occurrence of 
V cholerae in estuarine of Sg. Sarawak, Kuching, Sarawak. 
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2. Literature Review 
2.1 Vibrio spp. 
Vibrios are facultative gram negative bacterium which are motile rods, mesophilic, chemo­
organotrophic and acquired fermentative metabolism. Vibrios were amongst the first groups 
being recognized in nature and were further taxonomically described. The genus Vibrio of the 
family Vibrionaceae holds more than 60 species with mostly originated from marine with its 
taxonomy is constantly being revised due to the addition of new species (Etinosa et al., 2008). 
The taxonomy of this genus was centered on some morphological features which also includes 
flagellation, morphology and curvature of the cells and also some other cultural aspects. 
Halophilic Vibrios are found in all estuarine and also coastal waters throughout the world 
(Colwell, 1984). Vibrios are also important resident of the riverine, estuarine, and marine aquatic 
environments (Thompson et al., 2006) and as members of family Vibrionaceae, they are part of 
predominant heterotrophic bacterial group that live in aquatic environment. Vibrio cholerae non­
01 or non-0139 is regularly isolated from aquatic environments and also in seafood. 
2.2 Vibrio cholerae Taxonomy and Identification. 
V. cholerae is extensively distributed in estuarine and freshwater environments, and only very 
small number of the strains in the natural environments able to produce toxin and cause the 
clinical symptoms of cholera strains (Thompson et al., 2006). Besides. V cholerae also 
considered as member of the autochthonous bacterial flora of estuarine water and seawater 
(Garay el al., 1985). Ability of the bacterium to grow in nutrient broth without addition of NaCI 
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is an important distinction from other Vibrio spp. According to WHO (2002), addition of 1% 
NaCI can help stimulate the growth of the bacterium. Salt is needed for the growth of V. 
cholerae; however, they can resume to a viable but non culturable state (VNC) in response to 
adverse environment conditions (Au let et al., 2007). V. cholerae strains which does not belong to 
either serogroups 01 and 0139 are refer as non-Ol or non-0139 vibrios. Those are also etiologic 
agents of moderate to severe human gastroenteritis. Besides, basic of serological classification of 
V. cholerae is the differences in the sugar composition of heat-stable surface somatic "0" 
antigen of the bacterium. V. cholerae strains that have been identified based on biochemical tests 
but unable to form agglutination with "0" antiserum are known as non-O 1 V. cholerae. 
2.3 Disease Outbreaks. 
Vibrio cholerae strains which associated with human disease belong to Oland 0139 serogroups 
cause the severest form of the clinical-epidomological syndrome known as cholera-occurs 
explosive epidemics (Thompson et al., 2006). Cholera also known as "water-borne" disease has 
a close linkage of the population dynamics of the causative agent with selected physical, 
chemical, and biological parameters of natural waters (Colwell and Huq, 1994; Huq et al., 1984; 
Islam et al., 1996). Infection of Vibrio cholerae starts with the ingestion of contaminated water 
or food (WHO, 2002). The microorganism will pass through the acid barrier of the stomach, 
then colonizing the epithelium of the small intestine with aid of the toxin-coregulated pili and 
also some other colonization factors which are different haemagglutinins, accessory colonization 
factor, and core-encoded pilus. Ingestion of raw seafood through eating and drinking and also 




individuals with pre-existing conditions (Howard and Bennett, 1993). Direct exposure to water 
containing Vibrios could also cause sepsis and soft tissue infections to the individuals with 
chronic illness (Howard and Bennett, 1993). Until 1992, all outbreaks of cholera were due to 
Vibrio cholerae serogroup 01 (Huq et al., 2005). In year 1998, cholera outbreaks occur in 
Mozambique which started in Beira City and 42, 672 cases and 1353 deaths were reported. 
Cholerae 01, El Tor, serotype Inaba (predominant) and Ogawa (sporadiac) were responsible to 
the epidemic (Matos et al., 2006). On the other hand, the non-O 1 strains are sporadically isolated 
from cases of diarrhea (Ramamurthy et al., 1993a) and from a variety of extra-intestinal 
infections, wounds, ear, sputum, urine, and also cerebrospinal fluid (Morris and Black, 1985). 
The existence of these strains is in estuarine environments and the infections due to them are 
usually of the environment origin. In early 1993, the distinction of V cholerae 01 and V 
cholerae non-Ol become out-dated when there was a new epidemic of severe cholera-like 
disease reported in Bangladesh (Albert et al., 1993) and India (Ramamurthy et aI., 1993b). The 
suspected bacterium was first referred to as non-Ol V. cholerae since it did not agglutinate with 
01 antiserum. Through further investigation, the bacterium was found to belong to a new 
serogroup which was given the designation 0139 Bengal, the area where the strains were first 
being isolated. Cholera has recurred as a main infectious disease recently, with a global increase 
in its incidence (WHO, 2002). 
In Malaysia, cholera is being referred to as a public health problem to the human due to 
its sporadic outbreaks which occurs intermittently (Vadivelu et al., 2000). Recruitment of remote 
labour force from other cholera-endemic countries may nurture the migration of strains into 
Malaysia which causes many further outbreaks as confirmed by some studies previously made 




important indication of Vibrio cholerae and Vibrio parahaemolyticus found in foods, 
environmental and also clinical samples (Yuhennan et al., 2000; Chen et al., 2004; Tanil et al., 
2005; Lesley et al., 2005; and Suzita et al., 2010). Increase number of the microorganism at 
multiple environment sites can bring about the increase chances for the introduction of the Vibrio 
cholerae in human population. From human cases, the microorganism began to amplify 
themselves through fecal contamination of food and water sources and recontamination of the 
environment in which it initiate the cycle of the epidemic. 
2.4 Physicochemical Parameters. 
Vibrio cholerae occurrence is related to various abiotic factors such as the inorganic and organic 
contents of water and sediments, pH, fluctuating temperature, salinity, variation in oxygen 
tension, and exposure to the ultraviolet rays in sunlight (WHO, 2002). V. cholerae grow best 
under alkaline condition (Malichocho, 2008) which is salinity of 0.25-3.0 % (Miller et al., 1984). 
According to Le Roux (2006), this bacterium can also survive in environment with pH around 6 
to 11 and also able to grow in temperature between 10°C to 45°C (Malichocho, 2008). In recent 
past analyses showed that temperature at 2: 25°C and pH of 2: 7.0 increase Vibrio cholerae 
distribution in Chesapeake Bay (Huq et al., 1984 and Louis et al., 2003). In tropics area, the 
growth of the Vibrios is greatly favoured since the water temperature is roughly around 25°C 
throughout the year in which it is expected that higher densities of Vibrios have been reported in 
tropical estuarine waters compared to temperate estuaries (Rivera and Hazen, 1989). This 
explains temperature above 20°C is clearly favourable by this bacterium. Aulet et al., (2007) also 




March, November, and December is at water temperature over 25°C and with pH more than 7.7 
while no isolates were found in June and September with water temperature below 16°C and pH 
lower than 6.5. According to Sakasaki (1992), at warm water temperature, the presence of the 
pathogenic Vibrios is favourable. Hence, from series of studies and investigation, it is found that 
influence of temperature and salinity has affected the distribution of V cholerae in aquatic 
environments. Besides, according to Costa et al., (2010) pH value was the environmenta} factor 
most strongly associated with the abundance of Vibrios . The relationship between the 
distribution of the bacterium with salinity and alkaline pH is due to its characteristics which 
require salt for its growth. However, as a facultative bacterium, V cholerae also able to grow in 
condition without NaCl (salt) when condition needed. 
2.S Isolation of V. cholerae. 
For the isolation of V cholerae, enrichment of Vibrios in alkaline peptone water helps them to 
multiply more rapidly. However, the selective effect will be loss if subculture is delayed until 
other microbes have multiplied or if the peptone water is inoculated heavily. This phase of 
selective advantage for the Vibrios may be extended if the alkaline water is incubated at 20°C 
(Furniss and Donovan, 1974). Then, the enrichment broth can be plated onto Thiosulphate­
citrate-bile-salt agar (TCBS). Sodium chloride, NaCI that presence in the APW help promotes 
growth of the bacterium but inhibits most unwanted background microorganism by its alkalinity. 
Vibrio cholerae will appear as yellow colonies due to the fermentation of sucrose and the 
surrounding medium may also tum into yellow (Furniss and Donovan, 1974) which is caused by 





agar plate and incubated at 37°C for 5-8 hours. This later will gives sufficient growth to the 
identification steps. Recovery of the waterborne pathogens from environmental samples is 
always difficult to do due to the dilution and competition between and among the 
microorganism. Problem frequently arise when it comes to the analyzing of the samples in the 
overgrowth condition of the resident microbiota which lead to the difficulties of the detection of 
the Vibrio colonies that may be present. Vibrios present in the environmental samples can also be 
under stress condition. 
Cholera vibrios Results 
V. cholerae Medium sized (2-3 mm diameter after 
18 hours' incubation), yellow colonies 
V. alginolyticus Large, yellow colonies 
V. parahaemolyticus Large, deep blue-green colonies 
Pseudomonas No growth or small, colourless or pale 
green colonies 
'Colifonns' No growth 
Proteus No growth or small, yellow or greenish 
Colonies 
Aeromonas (most strains) No growth 
Enterococci Small, yellowish-white colonies 
Table 1: Table of colonial appearance of organisms on TCBS agar after overnight incubation at 37°C. 
Table source: Furniss and Donovan, (1974). 
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2.6 Most Probable Number (MPN) . 
For detection of Vibrio cholerae from food or environmental samples, a qualitative enrichment 
procedure is generally performed, while quantitative procedures such as direct plating or most 
probable munber (MPN) are infrequently required. Food and Drug Administration (FDA) has 
recommended 3 - tubes MPN method with selective enrichment broth for the enumeration of 
Vibrio cholerae (Kaysner et al., 2004). The enumeration of the microorganism is later being 
supplementary with additional step which is with peR-fingerprinting techniques and molecular 




















Table 2: MPN Determination from Multiple Tube Test. Source: The American Publ ic Health Association 
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2.7 Detection and Quantification of V. cholerae. 
Current diagnosis of V. cholerae is done using the conventional method which is very time 
consuming. Mono and multiplex peR assays were established in order to detect the virulence 
genes such as ctx, zot, ace, tcp, rt sto, hly in which it is found that most of the cholera epidemics 
and pandemics in the past were connected with production of cholera toxin (Fields et al., 1992; 
Koch et aI. , 1993; Rivera et ai., 2001; Singh et ai., 2002; and Varela et al., 1994). Polymerase 
Chain Reaction (peR) is a modem molecular detection technique that required the use of 
specific primers which allow for amplification of specific DNA region to occur. For 
identification of toxigenic strains of V. cholerae by peR assay, cholera toxin gene (ctxAB), ctxA 
and toxin co-regulated pilus protein subunit (tcpA) probes can be used. However, this method 
does not identify all strains of the bacterium. Hence, for this study, primers specifically targeted 
for gene encode for an outer membrane of protein, Omp W gene will be used in the peR analysis 
due to the unique presence of the gene with conserved sequence in V. cholerae (Nandi et ai., 
2(00). Molecular diagnostic test as peR are now being developed for the purposes of clinical 
and environmental monitory of Vibrio cholerae 0110139. 
Together with the molecular detection technique, most-probable-number (MPN) method 
will be applied for the enumeration of V. cholerae. MPN technique involve estimation of density 
ofviable microorganism in a sample collected and this technique is also beneficial for low levels 
microorganism (~ 10- 100 MPN g-l) (Jamshidi et al., 2009). Apart from that, the combination of 
MPN method with peR analysis can ease the quantification of bacteria in water sample without 




3. Materials and Method 
3.1 Sample collection. 

Sample collection method was based on Randa et al. (2004) and Garay et al. (1985). 

Water sample collections were taken from estuarine of Sg. Sarawak located at lalan Keruing. 
Few sites were selected from the same location where the water sample was collected. The 
location was divided into 3 sites as Site 1, Site 2 and Site 3. From each sites, samples were 
collected from the surface and deep of the water. Water samples were collected once a week in 
three months duration starting from February 2012 to April 2012. Sterilized 500 ml bottles were 
used to collect the samples. Both water temperature and the salinity of the water samples were 
immediately measured on the sites using thermometer and hand-held refractometer respectively. 
On the other hand, pH of the after samples was being measured in the laboratory once the 
samples had arrived using Crison 74 pH meter respectively. The samples collected in the 
sterilized bottles were placed inside a cooled-box for the transportation within 6 hours (Donovan 
and van Netten, 1995) to the laboratory in UNIMAS. 
13 
I: Location of the estuarine sites chosen. Figure source: Google Map, 2012. 
3.2 Samples preparation and enrichment. 

Samples preparation and enrichment method was based on Stavric and Buchanan (1995). 

Alkaline Peptone Water (APW) was prepared by using 7.5 g of peptone water powder and 500 
ml distilled water. Once the peptone water powder was placed inside the 500 ml bottle, 500 ml 
distilled water were added and then stirred on the stirrer to let the ingredients mix properly. 9 ml 
of the mixture were transferred into 55 capped bottles and after that autoclaved at 121°C. Then, 
the sample collected were placed in each capped bottles and incubated at 35°C for 6-8 hours for 
overnight. 
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3.3 DNA Extraction. 

DNA extraction method was based on Lee et ai. (2009) with slightly modification. 

DNA was extracted from the contents of turbid capped bottles and DNA extraction was 
perfonned using Boiled-cell method. 1000 I ..t.! portion of positive broth was centrifuged at 13, 400 
rpm for 2 minutes to obtain pellet. Pellet was then suspended with 500 ml sterilized distilled 
water and boiled at 100°C for 20 minutes. After that, the boil-cells were cooled on ice for 15 
minutes before being re-centrifuged again at 12, 000 rpm for 3 minutes. Supernatants produced 
were used in PCR analysis. 
3.4 MPN Method. 

MPN method was based on Suzita et ai. (2010) and Nandi et ai. (2000). 

MPN dilutions from water sample were prepared with 3 replicates per dilution using Alkaline 
Peptone Water (APW) solution prepared earlier. The dilutions were incubated at 35°C for 
overnight. Turbid tubes showing positive results were used as template to proceed for PCR 
analysis with suitable amount of magnesium chloride (MgCh), PCR buffer and specific primers. 
Oligonucleotide sequence for the Omp W-forward that was used was 5' ­
CACCAAGAAGGTGACTITATTGTG- 3' and for reverse sequence was 5' ­
GAACTTAT AACCACCCGCG-3'. The size of the amplicon that was used is 558 bp. PCR was 
perfonned on thermocycler. Next, PCR product were run in agarose gel electrophoresis (AGE) 
where the product were mixed with loading dye and loaded into wells in agarose gel together 




3.S peR Assay 

peR assay method was based on Nandi et al. (2000) with minor modification. 

Ingredient Volume (Ill) 
- - - - >- ­
, ~ / I, . ~ a 
Forward primer 1.5 
10 mM deoxynucleotide triphosphate (dNTPs) 1.0 
",\, -,ir'" 1': - . ; ­ . ~. ~i~1 
, 
lOX reaction buffer 3.0 
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